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1 

Method and arrangement for calendering paper and board 
before and after coating. 

The present invention concerns a method according to the 
5 preamble of claim 1 for calendering paper and board in the 

manufacture of coated grades of paper or board. 

The invention also concerns an arrangement for implementing 
the method* 

10 

Paper or board is calendered in order to improve its 
printability properties. Calendering increases the smoothness 
and glare of the surface, and in addition, it affects the 
thickness and bulk (crnVg) of the material- Changes other than 

15 those affecting the surface are usually unintentional, 

because changes in material thickness are not desired. The 
unavoidable change in bulk must be adapted to the desired 
surface quality such that the desired surface quality and 
bulk as well as the desired final material thickness are 

20 obtained* Uncoated material can be subjected to calendering 

prior to the coating step, or the calendering may be carried 
out after coating, or at several steps. Many types of 
calendering methods and apparatuses are available, whereof 
machine calenders, sof tcalenders and supercalenders may be 

25 mentioned, and as the most recent type of calenders, shoe 

calenders and belt calenders may be cited. Each type of 
calender has its individual effect on the quality of the 
produced material, as well as its own typical field of 
application. The different types of calenders and their use 

30 are well known in the manufacture of paper and board. 

European patent No. 0 370 185 describes a typical shoe 
calender comprising a backing roll and an arched shoe-like 
stop designed to encircle part of the roll surface. An 
35 endless belt travels round the shoe and is fitted to move at 
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the same speed as the material being treated. The material to 
be calendered travels between the belt and the backing roll 
and is glazed against the surface of the backing roll. The 
backing roll can be heated and deformations of the surface 

5 occur due to the press power of the shoe and the backing 

roll, and due to heat. The glazing result is naturally also 
affected by the wetness of the web. The shoe calender 
provides a number of advantages, such as the fact that, due 
to the longer dwell time, a smaller compression load and 

10 possibly temperature may be used than in roll calenders, 

still achieving a similar end result. Due to the reduced nip 
pressure a smaller contraction of the calendered web is 
achieved, thus preserving a greater part of the original 
stiffness, or bulk, of the web. 

15 

A shoe calender usually provides better glare than the 
corresponding sof tcalender . 

The German Published Application DE 43 22 876 describes a 
20 shoe calender with a smaller shoe width and thus also a 

shorter glazing zone than in the above-cited solution. In 
this calender, two calendering nips can be fitted against the 
same backing roll, and the strap surrounding the shoe is 
similar to the roll jacket. In DE publication No. 44 10 129, 
25 a shoe calender is described where the shoe is divided into 

two zones in the moving direction of the web being treated, 
the press power of the zones against the backing roll being 
adjustable independent of each other. 

30 Belt calenders, in which the calender zone is provided by a 

roll and a belt pressed against said roll by means of a 
second roll, bear a close resemblance to shoe calenders. The 
belt may be flexible in the direction of its thickness, 
whereby a pressure treatment zone defined by the properties 

35 of the belt and. the geometry and loading force of the 
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calender rolls used will be provided between the backing roll 
and the belt. Also a calender having a very short pressing 
shoe is termed a belt calender, whereby the length of the nip 
almost corresponds to a nip formed with two rolls. 

5 

Long-nip calenders, belt calenders and sof tcalenders are well 
suited for calendering board. In WO 96/28609, a coated 
packing board is described, whose manufacturing process 
involves the use of a lengthened soft calender nip. The board 

10 is calendered after coating. By calendering, a sufficiently 

good printing surface is obtained, and due to the lengthened 
nip, a lower pressure may be applied during calendering, 
whereby a smaller reduction in density and basis weight is 
achieved. This is of particular advantage in the manufacture 

15 of packing board because a lighter board provides greater 

flexural strength. The length of the lengthened nip of the 
calender used is reported as being from 30 to 100 mm, 
preferably 60 to 70 mm. Thus, the calender used is still one 
having a fairly short nip. The web speed and dwell time used 

20 are not reported. 

In WO 97/44524, a method for manufacturing LWC paper is 
described. This publication makes clear the considerable 
effect of the treatment temperature on the properties of the 

25 paper being manufactured. According to the publication, 

coated paper is calendered in a soft calender and the 
temperature of the paper is kept below the softening 
temperature of lignin. According to the publication, the 
method achieves much better glare than previously known 

30 methods involving the use of a sof tcalender . 

The present invention aims at providing a method for 
manufacturing precalendered and end-calendered coated paper 
or board. 



35 
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The invention is based on first calendering the material to 
be treated in a long-nip calender, and after coating, in a 
calender having a short nip, 

5 In more detail, the method according to the invention is 

characterized by what is stated in the characterizing part of 
claim 1. 

The arrangement according to the invention, then, is 
10 characterized by what is stated in the characterizing part of 

claim 6* 

The invention achieves considerable benefits. 

15 Paper and board which consist of plant fibres behave in 

different ways during calendering when uncoated and when 
coated. In addition, the calendering is essentially affected 
by the moisture content of the material, wherefore 
calendering is usually accompanied by moisture control of the 

20 treated material. By means of the invention, these material 

properties can be exploited, thereby achieving paper and 
especially board having better printability and strength 
properties than previously. As regards board and also the 
thickest grades of paper, a change in density during 

25 calendering ^essentially affects the strength properties of 

the material, in the above-described manner, wherefore it is 
of particular advantage to be able to control the calendering 
process during the different manufacturing steps in 
accordance with the material properties when producing these 

30 materials. 

The invention is explained in more detail below with the aid 
of the following detailed description. 



35 



In the following, the solution of the invention is explained 
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in the context of board manufacture, which is what the 
invention is particularly well suited for. The invention is 
also applicable to a similar treatment of a paper web. 

5 During calendering, the demands of the process vary according 

to whether the web being treated is coated or whether 
uncoated material is being treated* This is due to the 
different behaviour of the fibres constituting the material 
(usually fibres derived from wood) , and the coat, by the 

10 action of the thermomechanical stress affecting them during 

calendering. Thus, different demands are made on the calender 
and the process at the different stages of the treatment of 
the web, and it is of advantage to use a different method of 
calendering at the precalendering stage than is used for the 

15 final calendering after coating. Uncoated board mainly 

contains raw materials such as cellulose, hemicellulose and 
lignin, contained in wood or other fibrous raw material. 
These have the structure of polymers having markedly higher 
glass transition temperatures than the polymers contained in 

20 the coating. On the other hand, the base board consists of 

crossing fibres which can hardly move at all in relation to 
each other, whereas the coating consists of binders and small 
particles which move relatively easily in relation to each 
other and on the base board when compared to fibres. Thus, 

25 uncoated board requires longer treatment times and higher 

thermomechanical stress before permanent deformations of the 
fibres are achieved. The coating layer, on the other hand, 
moves fairly easily on the surface of the base board when 
compared to fibres, and thus, shorter treatment times can be 

30 used when processing the surface of coated board. 

In the process of the invention for manufacturing coated 
board or paper, the web is finished by calendering at least 
such that the calendering which takes place prior to the 
35 coating step, i.e. the so called pre-calendering, is 
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performed in a long-nip calender where the web is taken to a 
pressing zone formed by the belt and the backing roll, the 
fibres forming said web being subjected to a treatment in 
said zone during which the pressure in the treatment zone 
5 rises to 15 MPa at the most and the temperature of the web 

surface part reaches at least the glass transition 
temperature of the cellulose fibres. 

The maximum pressure in the treatment zone is kept at 0 to 15 
10 MPa, preferably, however, at 4 to 12 MPa. The web is taken to 

the treatment zone at a moisture content and temperature 
where at least the glass transition temperature of the 
material forming its surface part has been reached, the web 
thus having good workability properties. The glass transition 
15 temperature can be reached either by taking the web to the 

calendering by means of a pretreatment , such as steaming 
and/or wetting with water, or the conditions in the 
calendering zone are adjusted such that the preconditions for 
working the web are met in the calendering zone. Here, it is 
20 possible to use e.g. the combination of prewetting and a 

heated backing roll. 

Thus, the calendering zone is mainly characterized by being 
formed between the belt and the stop surface for calendering 

25 arranged opposite the belt, and in that a pressure affecting 

the web prevails inside the calendering zone, its intensity 
varying f rom. 0 to 15 MPa. The lower limit of the pressure 
range is reached, for example, such that the calendering zone 
is formed between at least two belts stretched by belt 

30 guiding means, and a stop surface, and the upper limit e.g. 

by so called shoe calender technology. In addition, it is 
characteristic of the calendering zone that the dwell time of 
the web in the calendering zone is at least 3 ms, while, 
however, it is 4 0 ms at the most, which at web speeds of 400 

35 to 1000 m/min corresponds to calendering zone lengths of 50 
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to 270 mm. 

A web thus precalendered, then, is characterized by good 
surface smoothness while its flexural strength remains almost 

5 at its initial level. When the web surface is smooth and 

sealed prior to the coating step, the amount of coating mix 
applied can be essentially reduced or, correspondingly, the 
printability of the end product can be improved, even to a 
level exceeding that described in WO 96/28609 without losing 

10 the flexural strength or xx bulkiness" of the web. 

In the case of a long-nip calender, the dwell time in the nip 
(the nip time) can be optimized without changing the other 
process conditions. In the present context, a long-nip 

15 calender is a machine having a nip length exceeding 50 mm. 

"Nip length" is the length over which the treated web is 
subjected to a pressing influence. Nip pressure may vary over 
the length of the nip e.g. such that the nip is divided e.g. 
by dividing the pressing shoe into sectors in the travelling 

20 direction of the web, the press power of the sectors towards 
the backing roll being independently controllable. Such a 
construction also makes it possible to alter the nip length 
stepwise by removing the press power of the outermost 
sectors. Nip length is selected according to the desired 

25 calendering effect. In the solution of the present invention, 

an uncoated paper or board web is treated with a calender 
having a nip length of 50 to 270 mm. When applying a speed of 
800 to 1000 m/min, common in board manufacture, a nip time of 
3 to 20 ms is thus obtained. 

30 

In the case of belt calenders, on the other hand, markedly 
greater forces in the surface direction have been found to 
occur than is the case for sof tcalenders . Thus, they will 
provide an advantageous effect on quality especially in the 
35 manufacture of coated board and corresponding products, 
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whereby the aim during the final calendering step is to move 
the coating mix on the surface of the base web and to align 
the coating mix particles. Such alignment is achieved by 
means of a belt calender supported by a backing roll or by a 
5 shoe calender having a very short shoe. The length of the 

shoe should not exceed 50 mm. 

The result of the calendering can also be affected by the 
material of the backing roll, in other words, by using a soft 
10 or a hard backing roll. The material of the backing roll is 

selected in accordance with the type of nip, the belt 
material, and the requirements set by the manufactured 
product. The invention can be applied to both on-line and 
off-line machines. 

15 

Usually, board and paper are coated in the same fashion on 
both sides, but e.g. when manufacturing packing board, it may 
be necessary to coat only one side of the web or to prepare a 
different coat for each side of the web. In such a case it is 

20 possible to perform the calendering differently for the 

different sides of the web. Usually, heated rolls are used in 
calendering J.n order to produce a thermomechanical impact, 
but in some.rcases even cold rolls may be used at least for 
treating one. of the sides of the web. An advantage provided 

25 by shoe calenders is that the web may be taken to the 

calender in ^a considerably wet state. This is beneficial 
particularly in on-line machines. 
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Claims : 

1 . A method for calendering paper and board when 
manufacturing coated grades of paper or board, comprising 

5 

- calendering at least one of the surfaces of an 
uncoated base material web, 



- applying at least one layer of coating at least 
10 onto the calendered surface of the base web, and 

- calendering at least the coated surface of the 
base web, 

15 characterized by 

- calendering the uncoated surface of the base web 
by means of a shoe calender having a nip length of 
at least 50 mm, and 

20 

- calendering the coated surface of the base web by 
means of a calender having a nip length of 50 mm at 
the most . 



25 2. The method of claim 1, characterized by calendering the 

uncoated surface of the base web by means of a shoe calender 
having a nip length of 50 to 270 mm. 

3. The method of claim 1, characterized by calendering the 
30 coated surface of the base web by means of a belt calender 

whose nip is formed between two rolls. 



35 



4. The method of claim 1, characterized by calendering the 
coated surface of the base web by means of a belt calender 
whose nip is formed by means of a short shoe. 
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5. The. method of any one of the previous claims, 
characterized by calendering the uncoated surface of the base 
web by means of a shoe calender whose shoe is divided into 
sectors in the travelling direction of the web, the 

5 compression load of the sectors being independently 

controllable . 

6. The method of claim 2, characterized in that the maximum 
pressure in the treatment zone is 0 to 15 MPa, preferably 4 

10 to 12 MPa. 

7. The method of claim 1 or 6, characterized by taking the 
web to the first calender in a state in which the glass 
transition temperature of at least its surface fibres has 

15 been reached. 

8. The method of claim 7, characterized by bringing the web 
to glass transition temperature by the aid of prewetting or 
pres teaming, or the conditions in the calender zone, such as 

20 the temperature of the backing roll and prewetting. 

9. An arrangement for calendering paper and board in the 
manufacture of coated grades of paper or board, the 
arrangement comprising 

25 

- at least one first calender for treating at least 
one of the surfaces of an uncoated base material 
web, 

30 - means for treating at least the calendered surface 

of the base web with at least one coating mix layer, 
and 

- at least one second calender for treating at least 
35 the coated surface of the base web, 
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characterized in that 

- the first calender is a shoe calender having a nip 
length of at least 50 mm, and 

- the second calender is a calender having a nip 
length of 50 mm at the most, 

10. The arrangement of claim 9, characterized in that the 
first calender is a shoe calender having a nip length of 50 
to 270 mm. 

11. The arrangement of claim 9, characterized in that the 
second calender is a belt calender where the nip is formed 
between two rolls. 

12. The arrangement of clam 9, characterized in that the 
second calender is a belt calender in which the nip is formed 
by means of a short shoe. 

13. The arrangement of any one of the previous claims 9 to 
12, characterized in that the first calender is a shoe 
calender whose shoe is divided into sectors in the travelling 
direction of the web, the compression load of the sectors 
being independently controllable. 
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US 


5836242 A 


17/11/98 










ZA 


9504985 A 


14/02/96 


wo 


9713035 


Al 


10/04/97 


AU 


7133496 A 


28/04/97 










AU 


7133596 A 


28/04/97 










CA 


2233900 A 


10/04/97 










EP 


0856084 A 


05/08/98 










EP 


0856085 A 


05/08/98 










FI 


954745 A 


06/04/97 










WO 


9713036 A 


10/04/97 



Form PCT/ISA/210 (patent family annex) (July 1992) 



I 



